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Machine to Apply Repeated Loads to Large Flexural
Members
By A. Roesli, A. C. Loewer, and W. J. Eney
A RESEAUCH program
being conducted at Lehigh University to
investigate the endurance of prestressed
concrete bridge members necessitated
the development of a testing machine
which would apply a repetitive load to
simulate the passage of trucks moving at
various speeds over a bridge member.
Special machines of this type are avail-
able in Europe and used in different
laboratories abroad. l However, it was
intended to build such a unit, using only
standard parts of equipment available
in this country. As this machine is
believed to be unique and since others
may find it useful, it is described here-
in. The performance of the machine
has been demonstrated by the applica-
tion of 2,500,000 cycles of loading to two
concrete beams, one of which is shown
under test in Fig. 1.
New to this country-a testing
machine that simulates the paS!iage
of trucks at various speeds over
bridge members.
two hydraulic jacks. Furthermore, two
cross members fixed on the base unit
can be adjusted to suppOli any length
of test beam up to 38 ft at an elevation
of 3 ft above the base frame.
The simply-supported end conditions
of the test beam are provided by a
hinge at one end and a rocker at the
other.
The two hydraulic tension jacks are
placed at the third-points of the base
beam. Each is connected to an ad-
justable yoke in such a manner that the
load is applied at the top of the test
beam.
Jacks:
Although the jacks can occasionally
be used to produce up to 100 kips
(a kip equals 1000 lb) of static load,
they were built for a maximum working
capacity of 50 kips. They are standard
jacks and were not designed for dy-
namic use.
To determine the applied load, strain
Il;ages are mounted on the rods connect-
ing the jacks with the yokes. To re-
cord the magnitude of the load, a type
K, Baldwin Indicator is used during
DESCRIPTION OF TESTING MACHINE
AND LOADING FRAME
The testing machine consists of a
loading frame, two hydraulic jacks, and
a pumping system.
Loading Frame:
As shown in Fig. 1, two 36-in. WF
sections 3 ft long, provided with the
necessary stiffeners, are spaced 3 ft
apart and connected together by means
of cross-bracing and diaphragms. Act-
ing as a unit, this base frame is simply
supported at the ends, carries the te t
beam, and provides anchorage for the
NOTE.-DISCUSSIO OF THIS PAPER IINVITED. either for publication or for the at-
tention of the author. Address all communica-
tions to AST.\I Headquarters. 1916 Race t..Philadelphia :I, Pa.
I Sec, for example, L. Baes and Y. Verwilist,
"Grande Installation ~lecani1t1e POl,r Essa.
Otlr~e." L'osJtalure Jfelalliqut, l\lay, 1952. Fig. l.-General View of the Testing Machine with a Bridge Member in Place.
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Fig. 2.-Loading Phase of Cyclic Loading
Machine.
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Fig. 3.-Unloading Phase of Cyclic Load-
ing Machine. .
pumping stroke of the pistons. This
is a comparatively low-pressure device
with a maximum working pressure of
300 psi.
To prevent excessive pressure in the
control, a relief valve is installed be-
tween the sequence valve and the pump.
This valve maintains the pressure to
the pump control within its safe work-
ing range and, by adjustment, permits
additional control of the complete
system. Oil that is not required to
maintain the adjusted working pressure
of the relief valve is by-passed directly
to the supply tank (Fig. 4).
Fig. ,4.-Pressure Regulating System.
through the four-way valve into this
line and back into the tank without
doing any work. At the same time the
pressure line joining the jacks with
the four-way valve is connected with
the second low-pressure line. As the
oil goes through the four-way valve
back into the tank, the pressure in the
jacks is decreased and the test beam
is unloaded. The elastic rebound of the
beam under test drives the pistons of
the jaeks back to their original position
(Fig. 3). For special tests it is desired
to apply alternating tension and com-
pression forces on specimens. This can
be accomplished by connecting an ad-
ditional high-pressure line with the cor-
responding port of the four-way valve
and the compression chamber of the
jacks. The oil pressure by-passed
during the unloading period in the pres-
ent system could thus produce compres-
sion forces.
Sequence Valve.-The purpose of this
valve is to regulate tile working pres-
sure in the system and thereby to
control the loads applied to the test
beam. This is accomplished by ad-
justing the valve to a desired pressure
setting. No oil passes through this
valve until pressure in the main line
exceeds the pressure setting. When
this condition is reached, the valve
automatically by-passes the excess oil
into an additional line connecting it to
the relief valve (Fig. 4).
Relief Valve.-As mentioned above,
an automatic control regulates the
volume delivered by the pump. This
control is located in the base of the pump
and consists of a pressure-operated
cam that regulates the length of the
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static tests while a Brush Recorder and
amplifiers serve the purpose during dy-
namic load applications.
Pumping System:
The main parts of the pumping sys-
tem consist of an oil tank, a 50-hp
electric motor, a high-pressure oil
pump, a system of valves connected
with high-pressure pipe lines, an elec-
tronic timing device, and all the neces-
sary control instruments.
Pump.-This high-pressure pump is
an axial piston type designed for 5000-
psi maximum pressure. By changing
the length of the stroke of the pumping
pistons, the volume of delivered fluid
is regulated by automatic control. The
maximum capacity of the pump is 20
gal per min.
Powered by an electrie motor at 1200
rpm, the pump draws oil from the tank
and delivers it to the pressure line which
is eonnected with the jacks.
Four-Way Valve.-Ineluded in the
pressure line is a four-way valve, which
in turn is connected with two separate
low-pressure lines leading into the oil
tank. A solenoid, controlled by an
eleetronie timer, shifts the spool of the
four-way valve alternately in two differ-
ent positions.
In the first position, the pressure line
from the pump is connected with the
pressure line to the jacks. The pres-
sure in the jacks is then built up and
consequently the load is applied to the
test beam, while the low-pressure lines
are connected together without any
resulting action (Fig. 2).
In the second position of the spool,
the pressure line coming from the pump
is connected with one of the low-pres-
, sure lines. The oil flows from the pump
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Fig. 5.-Layout of Cyclic Loading Machine.
Legend:
r==l:==~1<1
II ,
II ,I
I L_ ----------1JIr-----------
II
___ -1.ir---l:
II
I.
:: 011 Filter
II
*
II
II
II
II I,
II II
II II
I r----1 r--,--=:::=================---j
: : : : Sump Filter
Surge Valve.-With each operation
of the four-way valve, the pressure
in the system changes rapidly. Es-
pecially in the unloading phase when the
jacks are connected with the supply
tank, the working pressure drops
suddenly to zero. To prevent 11 h~'­
draulic hammel', a surge-damping valve
is placed between the four-way vah'e
and the jacks. Its function is based
on the following principle:
When there is a sudden change of
pressure, an orifice within the valve
becomes smaller. This allows only a
gradual acceleration of flow and
dampens the shock of the released pre -
sure.
In the loading phase, however.
an undampened application of the in-
creasing pressure is desired. This i
provided by an additional line with a
check valve, by-passing the surge valve.
The check valve insures that in the
unloading phase all oil is forced to flow
through the surge valve.
Additional Valves.-Included in the
pressure lines leading from the pump
to the four-way valve are a globe valve
and a check valve. The globe valve
allows an additional adjustment of the
oil volume and the rate of increase of
the pressure applied to the jacks.
The check valve permits oil flO'" only
in the direction of the four-way valve
and therefore protects the pump from a
possible back pressure.
Control lnstruments.-For the con-
trol of the oil pressure, four pressure
gages equipped with globe valves are
connected with the system at the most
important points.
Fig. 6.-Instrument Panel with (1) Relief Valve, (2) Sequence
Valve, (3) Globe Valve, (4) Globe Valve and Pressure Gage,
and (5) Electronic Timer.
Fig. 7.-Rear View of the Machine with (1) Pump, (2) Pump
Control, (3) Solenoid Above Four-Way Valve, (4) Sequence
Valve, (5) Relief Valve, (6) Micronic Oil Filter, and (7) Supply
Tank.
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Fig. S.-Experimental and Actual Mo-
ment-Time Diagram.
time of a corresponding structure This
was accomplished by applying an os-
cillating load of 17,700 Ib at each third-
point By regulating the pressure and the
volume of oil supplied to the jacks, as
well as the periods of loading and un-
loading, a moment-time diagram for the
center-line section was obtained, which
was closel." equal to that produced by
the passin!!, of a standard H20-S16-44
truck for wllich the bridge members
"'ere designee!. The speed selected
for these tests was 40 mph glvmg a
lon.d fre'IUene)" of 1 cps. The corre-
sponding moment-time diagram for the
~~O-Sl6-44Laading40mph'Oneludi.'9
JOper cenl far Impact)
'" "'-..l./t ~N
/U \J/ 1\
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Filters.-To keep the oil clean and
free of foreign matter, which could
seriously damage the pump and valves,
two oil filters are placed in the system-
a sump filter at the inlet of the pump
and a micronic filter in the low-pressure
lines coming from the four-way valve.
The latter is connected to a by-pass
including a relief valve for protection
of the filter from excessive oil pressure.
Electronic Timing Deuice.-The two
positions of the four-way valve arc
controlleu by an electronic timini! de-
vice. The loading anu t
'
1e unhl:Ldin~
pha~e can be timed separately "'ithin a
rangc between one Cluarter of a second
anu about 4 min. Included in this
timing device is an electric' counter
which records the number of the load
cn·les. A schematic la\'out of the
l~achine is given in Fig. 5. The front
and back of the machine are shown in
Figs. 6 and 7.
PERFORMANCE OF THE MACHINE
For the tests of the tIro bridge mem-
hers, the machine had to simulate the
maximum magnitude and number of
luads to be e,pected e!urinl!; the life-
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actual and the experimental loading
is shown in Fig. 8.
After the inevitable adjustments and
refinements of the trial phase were made,
the machine has operated more than
700 hr and applied 2,500,000 loading
cycles.
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